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ABSTRACT

We have designed two photon beam position monitors for use on our x-ray

storage ring beam lines. In both designs, a pair of tungsten blades, separated

by a pre-determined gap, intercepts a small fraction of the Incoming beam.

Due to photoemission, an electrical signal is generated which Is proportional

to the amount of beam intercepted. The thermal load deposited in the blade is

transferred by a heat pipe to a heat exchanger outside the vacuum chamber.

A prototype monitor with gap adjustment capability was fabricated and tested at

a UV beam line. The results show that the generated electrical signal is a

good measurement of the photon beam position. In the following sections,

design features and test results are discussed.

*Permanent address: Institute of High Energy Physics, Academia Sinica,
Beijing, China.
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INTRODUCTION

Currently underway at the National Synchrotron Light Source (NSLS) are the

design and construction of several beam lines which will use the intense

radiation generated by insertion devices such as wigglers and undulators.

In each of these beam lines, accurate determination of the photon beam

position is important. Since the distance from the photon source to the

experimental station is relatively long (typically 15-20 meters), a small

angular beam deviation at the source can produce a large movement at the

experimental location. This problem is critical in the case of undulators

where the usable beam dimension may be only a few millimeters. The signal from

the beam position monitor can be used as a feedback signal to ring trim

magnets. These in turn will alter the path of the electron beam in the

insertion device to correct the photon beam error.

Because the beam intensity is so great, it must not be allowed to impinge

on an uncooled surface. Hence, a reliable cooling system design is essential.

Two beam position monitors are under development: one for vertical

measurement of a wiggler source and one for measurement of a soft x-ray

undulator source. Both make use of thin tungsten blades which project into the

fringes of the photon beam (receiving 3-4 percent of the peak intensity). Each

blade is cooled by a heat pipe which transmits the heat outside the vacuum

vessel. The heat pipe condensor end is t;hen cooled by a small water heat

exchanger. The blade dimensions have been selected so that in the worst case

of exposure to the photon beam, the deposited thermal energy will be removed

without the blade overheating or experiencing unacceptable thermal stress

levels. Blade design was facilitated by a finite element analysis using ANSYS.
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8ecause of low signal levels, it is necessary to electrically isolate the

monitor subassembly from the cooling water. This is accomplished by use of a

beryllia sleeve between the heat pipe and the cooling water.

DESIGN

The XI beam line at the NSLS is primarily for soft x-ray imaging

experiments and uses as its source a hybrid undulator, consisting of 37 periods

of 80 mm length each[l]. The radiation produced by this device has extremely

high brightness and is tunable throughout the soft x-ray range[2]. For the

highest K parameter value (2.6) the beam has a peak power density of about

three kilowatts per square milliradian, with a total power of 760 watts[3].

The horizontal and vertical full opening angles of the photon beam at

K = 2.6 are about 0.9 mrad and 0.3 mrad, respectively. This produces a beam

size at the position monitor, 9.2 meters from the source, of 9 mm wide by 3 ran

high. Therefore, in the worst case conditions, a thin blade of 0.254 mm

thickness would intercept about 9 percent of the total power or 68 watts. This

high flux thermal load is transferred outs,ide the vacuum by a heat pipe system

(Fig. 1). The geometry of these blades has been selected so that the allowable

stresses under thermal loading are not exceeded. The relatively small beam

size and the optics for the XI beam line require the beam be monitored in both

horizontal and vertical directions. This is achieved by two separate monitors

in one vacuum vessel (Fig. 2).
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A transient thermal analysis using the ANSYS finite element program was

performed. Our tests on the heat pipes have shown that the' time to reach

thermal temperature equilibrium is about 20 seconds (Fig. 3). For a heat input

of 68 watts, and an elapsed time of approximately 20 sec, the transient thermal

analysis (Fig. 4) indicates that the maximum blade temperature will be about

2700°F,far below melting point. A subsequent stress analysis indicated that,

in case of no cooling, thermal stresses due to temperature gradient exceeded

the yield strength of tungsten at an elevated temperature. However, this worst

case conditions has practically been eliminated by use of heatpipe closed loop

cooling system. Figure 5 shows a typical stress plot of the tungsten blade.

A commercial motorized manipulator will be used to drive the blade

assemblies in two directions to "chase" the beam. Its relatively small bellows

bore size requires the heatpipe/blade assembly be made in two pieces.

Therefore, the thermal load must be transferred across unbonded contact

surfaces in vacuum. The thermal conductance, he, between two adjacent

materials is defined by Eq. (1). It normally takes place as a result of

conduction across real contact points, conduction through entrapped fluid, and

radiation through an interstitial gap (3).

hc = hs + hp = 1/RC = q/A AT (1)

where hs, hf, and hr are conductance through solid points in contact;

conductance through fluid and radiation conductance respectively. Rc is the

total thermal contact resistance, q is the heat flow rate, A is the total

contact area perpendicular to the direction of heat flow, and AT the

temperature drop across the interface. In a vacuum, of course, the fluid

conductance is zero.
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Figure 6 shows the thermal resistance of copper to copper as a function of

contact pressure in a vacuum environment^]. At a contact pressure of about 30

lbs/sq.1n., a thermal resistance across contact surfaces becomes almost

identical to that of a solid piece. It should be noted that at an elevated

temperature a significant portion of the deposited heat is lost through

radiation and therefore reduces the thermal load on the heat pipe.

The X17 and the X25 beam lines both use wigglers whose maximum power

density at the position monitor is approximately 4.3 kW/cm2. The beam need

only be monitored in the vertical direction which in the worst case results in

the deposition of aproximately 41 watts on a blade. The drive mechanisms for

these devices are single axis actuators and will also be commercial units. The

design of these actuators allows the heat pipe/blade assemblies to be free of

mechanical joints in vacuum (Fig. 7). In addition, the heat pipe may be

removed from the device without breaking vacuum. A similar electrically

insulated water cooled heat exchanger at the condenser end of the heat pipe

removes the heat.

TEST RESULTS

We have tested the position monitor in the soft x-ray beam of beam line

U15 at the NSLS. The output of the monochromator was about 1 mm high and 3 mm

wide; sufficient beam was available from 10 to 50 A to produce an easily

recordable signal. Although the beam size and spectral content are similar to

what we expect at XI, the power loading is many orders of magnitude less. Each

blade was biased negatively by a 67 volt battery and the photocurrent was

measured by a Keithley 427 electrometer.
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We were primarily interested in the sensitivity and reproducibility of the

monitor. The noise was less than 10"12 A and the blade that was not in the

beam produced a signal of the same magnitude. We stepped the blades vertically

through the beam. Figure 8 shows the signal from one blade as it was moved 0.5

mm in 0.01 mm increments. Most of these jumps are recognizable and the signal

is fairly linear with beam position.

Figure 9 better illustrates the sensitivity. It shows the ratio of the

outputs over a few minutes. The jump occurs when we moved the blades only 20

microns in a single step. This sensitivity is more than adequate for our

applications.

CONCLUSION

We have built and begun testing a high flux beam position monitor designed

to safely take high heat loads. Preliminary tests indicate the monitor is

highly sensitive. We plan to test its performance under heat load at an x-ray

beam line in the near future.
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FIGURE CAPTIONS

Fig. 1. XI beam monitor.

Fig. 2. XI beam position monitor, general assembly.

Fig. 3. Heat pipe's time response.

Fig. 4. 81ade temperature gradient.

Fig. 5. Blade stress plot.

Fig. 6. Thermal resistance vs. contact pressure.

Fig. 7. X25 and X17 beam position monitor, general assembly.

Fig. 8. Output current for position monitor stepping through beam.

Fig. 9. Position monitor response to 20 iim step.
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